Objective: To describe the management and impact of pancreatic fistulas in a high-volume center.
drawal of surgical drains. This allowed for patient discharge and eventual closure at a mean of 18 days in 38.7% of cases; these were classified as low-impact fistulas. The remaining 46 patients (61.3%) had an associated abscess, required percutaneous drainage or total parenteral nutrition, or developed bleeding; these were classified as high-impact fistulas and closed a mean of 35 days after surgery. Standard 30-day in-hospital mortality was 1.9% for all pancreaticoduodenectomies and 6.7% for those who developed a pancreatic fistula. The overall fistula-related mortality was 9.3% (7 patients), all but 1 of which was related to major hemorrhage.
Conclusions:
More than one-third of pancreatic fistulas are clinically insignificant (low impact). The remaining 60% of fistulas have a high clinical impact and nearly an 8-fold increase in overall mortality.
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P ANCREATIC FISTULAS ARE THE hallmark of complications following pancreaticoduodenectomy, and numerous articles have addressed this problem, particularly their prevention. Because there was no attempt until recently to reach a consensus regarding what constitutes a pancreatic fistula, 1 multiple definitions abound, and thus it has been difficult to analyze accurately the true clinical impact of this problem. To compound the lack of a consistent definition, there is a paucity of information regarding the best management strategies for this complication. [1] [2] [3] While it is clear that a proportion of pancreatic fistulas have no, or very little, clinical impact, many still cause major morbidity and mortality. [3] [4] [5] [6] These clinically significant fistulas span a wide spectrum of severity, from a delay in hospital discharge and implementation of parenteral nutrition to an abscess or bleeding pseudoaneurysm. Included in this group are those patients who had an occult fistula. These are patients who initially appear to have no fistula based on drain output or amylase level but who present within weeks to months after surgery with intraabdominal collections, sepsis, and/or life-threatening hemorrhages. Some of these patients do not survive and, given the delay in presentation of their fistula, are sometimes not reported as having a pancreatic fistula and are not included in reported operative mortality statements. The objective of this study was to review our contemporary experience with pancreatic fistulas following pancreaticoduodenectomy, outline their management, and analyze their clinical impact.
tients who developed a pancreatic fistula were identified and their characteristics were compared with those who did not develop a fistula. Hospital and office records of patients with a pancreatic fistula were reviewed in detail to analyze their clinical course and management.
A patient was considered to have a pancreatic fistula if she or he had 30 mL or more of amylase-rich fluid (3ϫ greater than a normal serum value) from surgically placed drains on or after postoperative day 7 or if she or he was sent home with a surgical drain in place with amylase-rich fluid regardless of the amount. In addition, patients who underwent interventional radiology-guided or surgical drainage of fluid collections that were amylase rich or located in the vicinity of the pancreatic anastomosis were also considered to have a pancreatic fistula.
From the medical record review of those patients who developed a pancreatic fistula, we obtained the following information: demographics, preoperative diagnosis, final pathology, type of anastomosis, length of operation, length of hospital stay, need for readmission, need for interventional radiology, need for antibiotics, use of total parenteral nutrition, use of somatostatin, daily drain outputs, drain amylase levels, duration of fistula, bleeding, need for reoperation, other major complications, and mortality. The duration of the fistula was defined as the time between the day of surgery and the day the last drain was removed (either the surgically placed Jackson-Pratt drain or the interventional radiology-guided catheter). Operative mortality was defined as any death within 30 days of surgery or during the same hospitalization as the pancreaticoduodenectomy. Overall fistula-related mortality was defined as any death directly resulting as a consequence of the fistula, regardless of postoperative day.
Pancreatic fistulas were categorized based on their clinical course as either low or high impact. Low-impact fistulas were those with no additional morbidity or need for further intervention. Most of these fistulas were treated in the outpatient setting and did not require further hospitalization. Highimpact fistulas were those that required interventional radiologyguided drainage, total parenteral nutrition, reoperation, prolonged hospitalization, or readmission. Also, any fistula that resulted in an abscess, delayed gastric emptying, bleeding, or death was considered high impact. Statistical analysis was performed using a 2-sided Wilcoxon rank sum test for nonparametric variables and a Fisher exact test for categorical data.
RESULTS
Five-hundred eighty-one patients underwent pancreaticoduodenectomy during the course of the study. Most of these patients had a 2-layer, end-to-side pancreaticojejunostomy with stenting of the anastomosis using a pediatric feeding tube (82%) or without stenting (16%). In cases in which the pancreatic duct could not be visualized or was not considered suitable to hold sutures (2%), an invaginating or telescoped end-to-end anastomosis was performed.
A total of 75 patients developed a pancreatic fistula (12.9%). The fistula rate was higher in the 14 patients with the end-to-end invaginating anastomosis (50%) compared with the 567 patients who had an end-to-side pancreaticojejunostomy (11.9%) (P Ͻ.001).
MANAGEMENT OF PANCREATIC FISTULAS
Postoperatively, nasogastric tubes were removed within 24 to 48 hours and patients were advanced to a clearliquid diet in the following 2 days and then to 6 small low-fat meals per day as tolerated. Changes in the amount and character of the drain fluid were noted as diets advanced. Fluid amylase levels were measured on postoperative day 4 or 5 once the patient was eating. Drains were discontinued if the fluid amylase was low or the output was minimal (usually Ͻ10 mL/d). Pancreatic fistulas were managed with gradual withdrawal (2 cm every several days) of surgically placed drains in any patient who was clinically stable and tolerating a diet. In general, drain withdrawal (advancement) was initiated after postoperative days 5 to 7 and continued at outpatient visits until output was less than 10 mL per day. For high-output fistulas (Ͼ 150-200 mL of amylase-rich fluid per day), patients were made nil per os, placed on total parenteral nutrition, and treated with octreotide. If fistula output decreased substantially with these measures and the patient remained clinically well, drain withdrawal was initiated and oral intake was slowly restarted. If fistula output did not decrease with these measures, drains were initially left in place to control the fistula. If the patient remained well despite high output, drains were slowly advanced in an attempt to decrease the output and close the fistula. Any patient who developed fever, abdominal pain, or an inability to tolerate oral intake did not have the drains withdrawn and underwent an abdominal computed tomographic scan. If any drainable collections were identified, the patient underwent interventional radiologyguided drainage and was started on broad-spectrum antibiotics. Interventional radiology drains were kept in place and flushed daily. Once the output declined to less than 10 mL per day, the drains were sequentially withdrawn and discontinued.
Gastrointestinal bleeding was managed initially with upper endoscopy and/or angiography. If a bleeding pseudoaneurysm was identified on angiography, attempts at coil embolization were made. Patients with persistent or lifethreatening hemorrhages underwent surgical exploration.
COMPARISON OF PATIENTS WITH AND WITHOUT A PANCREATIC FISTULA
The characteristics of the 75 patients who developed a pancreatic fistula and the 506 who did not are presented in Table 1 . Male patients and those with ampullary adenocarcinoma were significantly more likely to develop a pancreatic fistula than those with pancreatic adenocarcinoma (27.3% and 4.9%, respectively, PϽ.001). Not unexpectedly, patients who developed a pancreatic fistula had a significantly greater length of hospital stay, need for stay in an intensive care unit, use of parenteral nutrition, need for readmission, and delayed gastric emptying. The mortality was 7.7 times greater in patients with a pancreatic fistula (9.3% vs 1.2%, P=.001).
PATIENTS WITH LOW-AND HIGH-IMPACT FISTULAS
Pancreatic fistulas were classified according to their clinical impact as described, and their characteristics are listed in Table 2 . More than one-third (38.7%) were lowimpact fistulas that required no additional intervention and were mostly treated in the outpatient setting (nearly 80% of patients were sent home with drains). Four of these patients received octreotide early in their postoperative course because of high output. Three of them had a substantial decrease in output within 3 days of initiation, while the fourth had a less pronounced response and received outpatient octreotide therapy. These fistulas had a mean output of 114 mL (median, 75 [interquartile range, 30-159] mL) on postoperative day 7 or just before the patient's discharge from the hospital, and they closed a mean of 18 days after surgery.
The remaining 46 patients (61.3%) had a high-impact fistula. These patients had longer hospital stays and frequently were treated with antibiotics, octreotide, and total parenteral nutrition. These fistulas had a mean output of 229 mL on postoperative day 7 (median, 165 [interquartile range, 60-320] mL), and they closed a mean of 35 days after surgery (P Ͻ .001) (Figure) . More than threefourths of patients with high-impact fistulas developed an associated abscess or collection, and more than half required interventional radiology-guided drainage (61%). There were 9 patients (12% of all fistulas and 20% of the high-impact fistulas) who had major hemorrhages.
OCCULT PANCREATIC FISTULAS
High-impact fistulas were further divided into overt and occult. Overt high-impact fistulas were those that were evident within the first postoperative week and resulted in major morbidity and/or mortality. Occult fistulas were those that initially were not manifest (ie, drain outputs did not meet the criteria to qualify as a pancreatic fistula and were therefore removed) but subsequently resulted in an associated abscess, collection, major hemorrhage, or death that was felt to be related to a pancreatic leak that had not been identified. There were 33 overt highimpact fistulas and 13 occult fistulas in our series. Comparison of these 2 groups showed significantly more readmissions in those with an occult fistula, but there were no differences in the need for intervention, associated abscess, reoperation, bleeding, or mortality ( Table 3) .
MORTALITY RELATED TO FISTULAS
There were 7 deaths in patients who developed a pancreatic fistula (overall fistula-related mortality of 9.3%). Only 2 deaths occurred within 30 days of surgery, and 4 occurred during the initial hospitalization (30-day, inhospital mortality of 6.7%). The other 2 patients died at later times or hospital admissions, but their deaths were related to their fistula. Bleeding was associated with all but 1 death, and the 3 reoperations performed were all related to bleeding ( Table 4) .
COMMENT
Analysis of this contemporary cohort of pancreaticoduodenectomies shows that pancreatic fistulas continue to be a problem in the 21st century. Using a definition that has been in place at our institution since 1990, 7, 8 which is similar to one used by others, 2, 9 we found a pancreatic fistula rate of 12.9%. This rate is comparable with those from other large pancreatic centers.
2,3,9-11 Our original intent was to apply the definition and classification recently proposed by the International Study Group on Pancreatic Fistula (ISGPF) to our cohort 1 but found this was not feasible in a retrospective fashion. On the one hand, the ISGPF defines a pancreatic fistula as the presence of any measurable, amylase-rich (3 ϫ the normal serum value) fluid output on or after postoperative day 3. Applying this definition mandates that drain amylase levels be checked on postoperative day 3 and on a daily basis thereafter until the drain is removed. Since this has never been our routine, we lack these measurements; therefore, by this criterion, we would be underestimating the fistula rate, though the added fistulas would all probably be benign. One potential pitfall of applying a very sensitive definition (such as that proposed by the ISGPF) is the overdiagnosis of pancreatic fistulas, which leads to an underestimation of the true clinical impact.
Despite the relatively low pancreatic fistula rate of 12.9%, we found that morbidity associated with this event is substantially high (and higher than we anticipated). Overall, patients with a pancreatic fistula had 3 times as many reoperations, an 8-fold increase in the need for stay in an intensive care unit and interventional radiology procedures, a marked increase in the length of stay (23.6 vs 8.7 days), and nearly a 27% readmission rate. These consequences of pancreatic fistulas following pancreaticoduodenectomy have been well described in other studies. 3, 5, 6, 12, 13 In addition, we found increased mortality, which has not been uniformly found to be affected by pancreatic fistulas. Some studies have shown no difference whatsoever, 2,12,13 while others have described substantial increases. [3] [4] [5] 14 In the present study, 9.3% of patients with a pancreatic fistula died, nearly an 8-fold increase relative to the patients without a fistula (1.2%). This very significant and marked difference is in part related to inclusion of patients who died beyond the traditional 30-day or same-hospitalization mark (the mortality in the fistula group would have only been 2.7% if we had used the 30-day definition, or 6.7% if we had used the 30-day or same-hospitalization definition). It is noteworthy that the studies that have found no difference in the mortality of patients with and without a pancreatic fistula have all used 30-day mortality for their comparisons. 2, 12, 13 Based on this critical review of pancreatic fistulas, we feel the mortality rate of 9.3% is very accurate and highlights the clinical importance of this complication following pancreaticoduodenectomy.
Mortality from a pancreatic fistula is frequently the result of a major hemorrhage. Death in patients with a pancreatic fistula occurred at a median of 36 days (range, 10-92 days). There were 9 patients (12%) who had major hemorrhages from their fistula, with a mortality of 66.7%. The median postoperative day of bleeding was 22 (range, day 9-41), and there were 2 patients in whom the source of bleeding was not definitively identified (both died). The remaining 7 patients all had bleeding pseudoaneurysms (4 from the gastroduodenal artery and 3 from the hepatic artery). Five of these patients underwent angiographic embolization and 2 required emergent laparotomy. In those patients who underwent angiographic intervention, 2 (40%) survived and 3 (60%) ultimately died after an initially successful coil embolization.
We have recently performed a detailed analysis of the clinical and economic impact of pancreatic leaks after distal pancreatectomy. 15 In a cohort of 259 patients, we found that the risk of pancreatic fistulas or fistula-related complications (such as an abscess in the vicinity of the pancreatic stump) is almost 3 times higher after a distal pancreatectomy than after pancreaticoduodenectomy. However, despite the marked increase in readmissions, hospital stay, and need for interventional radiology procedures in patients with pancreatic leaks after distal pancreatectomy, there were no added mortality in these patients or bleeding events related to the fistula. 16 It is unclear if this difference is due to the absence of an enteric component in the leak or to other factors.
Our study also shows that not all pancreatic fistulas have the same clinical impact. This difference was also recognized in the ISGPF schema, which proposed classifying fistulas in 3 grades of severity (A, B, and C). 1 We attempted to apply this grading system and found it relatively simple to identify the patients with grade A pancreatic fistulas (those without clinical impact) but very difficult to separate the rest of the patients into groups B and C (both of which have a high impact). Part of the difficulty lies in the subjectivity of some of the terms within the ISGPF proposal and part lies in the apparent lack of inclusion of what we term occult fistulas (those in which surgical drains were removed because there were no apparent fistulas but manifested weeks later as an abscess or collection in the vicinity of the pancreatic anastomosis, in some cases with potentially lethal hemorrhage). Given the clear differences, we emphasize the importance of the distinction between low-and high-impact fistulas (grade A vs grades B and C, respectively) when reporting or analyzing outcomes after pancreaticoduodenectomy as opposed to simply listing a pancreatic fistula rate. This distinction should correct for the variation in the reports of the frequency of fistulas (which differ depending on how inclusive or restrictive the used definition may have been), since the total number of clinically significant fistulas should be identified similarly.
Our study did not focus on the risk factors for development of pancreatic fistulas or their prevention. Several studies have addressed this issue.
9,17-22 However, we did find a marked difference in the fistula rate in relation to diagnosis and a higher incidence in men and in patients undergoing end-to-end anastomosis compared with our preferred technique of stented end-to-side, mucosa-to-mucosa pancreaticojejunostomy. Other studies have identified these risk factors as well. 13, 23, 24 Other authors have described the consistency of the pancreas and the duct diameter as equally significant; but we were not able to confirm this because we did not invariably detail this information in the operative reports.
Our general management strategy is as follows: Once a patient meets the defined criteria for a pancreatic fistula, the clinical status is assessed. If the patient has abdominal pain, fever, leukocytosis, an inability to tolerate an oral diet, nausea, or vomiting after postoperative day 5, a computed tomographic scan is obtained. If there are any drainable collections, these are managed with interventional radiology-guided drainage. If the patient is clinically well, the fistula output is low (Ͻ 100-150 mL/ d), and the patient is tolerating at least a liquid diet, the surgical drains are advanced (withdrawn) 2 cm. If the drain output falls to less than 10 mL/d and the patient remains well, drains are removed regardless of the amylase level in the fluid. If the drain output is between 20 and 150 mL/d after the first advancement, the patient is discharged with the drain in place. A follow-up appointment is made within 5 to 7 days and the drain is advanced again or removed if the daily output is less than 10 mL. If the output is high (Ͼ 150 mL/d), the patient is made nil per os, given parenteral nutrition, and treated with octreotide. As the fistula output decreases, the drain is withdrawn sequentially and an oral diet is restarted slowly. Once the drain output falls to less than 10 mL/d, the drain is removed. If the patient's condition deteriorates, a computed tomographic scan is obtained and drains are not advanced. If the fistula output does not slow with bowel rest and octreotide, the drains are left in place; however, if the clinical condition does not deteriorate, the drain is advanced slowly after 5 to 7 days. In general, most patients can be discharged with drains if they are eating (REPRINTED) ARCH SURG/ VOL 143 (NO. 5), MAY 2008 and otherwise clinically well. Clearly, close follow-up is required and daily outputs need to be monitored by a visiting nurse. Occasionally drain output will increase significantly with the initial drain advancement. In this situation, the drain should remain in position to control the output and be managed as described.
Our management strategy of slow drain withdrawal was successful in 95% of overt fistulas (3 failures in 62 fistulas). In those with failed management, drain advancement was initiated when daily outputs were greater than 100 mL, and all subsequently required interventional radiology-guided drainage of an abscess or collection. Among these 3 failures, there were no deaths or need for reoperation. In the 18 patients who had a recognized fistula (ie, not occult) that needed interventional radiology drainage, embolization, or reoperation, the additional intervention was done while the drain was still in place, suggesting that the surgical drain was poorly located or otherwise inadequate to control the fistula.
In summary, this large contemporary series of pancreaticoduodenectomy shows that postoperative pancreatic fistulas occur in 12.9% of patients. About one-third of these patients experience no, or very little, impact from the fistula, which closes at a mean of 18 days with gradual drain advancement. The remaining 60% have complications from pancreatic fistulas with a high clinical impact. These patients have twice as much drain output on postoperative day 7 and require significantly more interventional radiology procedures, total parenteral nutrition, and stays in an intensive care unit and consequently have an increased length of hospital stay and more secondary readmissions. More importantly, this study shows that the mortality associated with pancreatic fistulas is 9.3% and that most of these deaths are related to bleeding and occur beyond the traditional 30-day mark. This observation highlights the need for more accurate reporting of postoperative pancreatic fistulas and their stratification by severity. Until we can diminish or prevent pancreatic anastomotic leaks, heightened attention to high-impact fistulas and perhaps earlier intervention, such as immediate angiographic evaluation of any bleeding from the surgical site, is warranted.
